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Amendments to the Claims; 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

5 Listing of Claims: 

Claim 1 . (currently amended): A fiber-optic method for making simultaneous multiple 
parameter measurements, the method comprising the steps of: 

a) providing an optical fiber sensor comprising at least one optical fiber 

10 having at least one long period grating disposed therein and having at least one reactive 
coating disposed thereon proximate to the at least one long period grating; 

b) creating an excitation in the optical fiber sensor wherein a plurality of 
evanescent field sensing depths result, creating at least two long period grating 
signatures, wherein each long period grating signature is defined by the equation: 

15 X. = (rig - ncl) A 

wherein: 

X = coupling wavelength for a specific loss band 
A = grating period 

ng - effective index of the guided mode of the optical fiber 
20 ncl = effective index Of a cladding mode of the optical fiber; 

c) exposing the optical fiber sensor to at least one material; and 

d) identifying changes in the reactive coating as it reacts with the material by 
measuring and coiri^aririg shifts in each long period grating signature; correlating the 

25 shi fts to the changes- in the riiaterial; and solving a series of equations that compare 

changes in the Coupling wavelength for a specific loss band wherein the series of 
equations consist of at least two equations expressed as: 

[A] Ai>i + [B] Ap2 -AXi 

[C]Api + [D]Ap2 =AX* 
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10 



15 



wherein: ... 

[A] ic | sseffifijenj fig a fc3 BM&mgjer that gflfifija the charge in wavelength 

[SU t | lm l¥ ritlth-f|-rr— TTf^i l- *t a first smsing depth and is 

expressed as: , ' 

CSPi], 

[ B] i« a coefficient for a second parameter that reflects the change in wavelength 
m L r „ ? ^ af , pP in the second parameter f8P ? l , at a first sensing depth and is 
expressed as;,,, ., [ 5\ U 5 

■[SPz]. 

fCT is a coefficient for a third parameter th at reflects the change in wavelength 
[fiX ] 7 per a charge in the first parameter TSP.h at a second sensing depth and js 
expressed as: [6*-h — - • 
[5P,] 2 

fD ] is a coefficient for a four th parameter that reflects the change in wavelength 
fSVl ner a change in the sec on d parameter r5P 2 l ? at a second sensing depth and is 
expressed as: JBll_ » 



20 



[5P 2 ] 2 



25 



A ^ |g a first spaciallv resolvable density change; 
Aj» is » ser-nnd snaciallv resolvable density change; 

Ay<? a nh«r. ff ft in -a first cou pling wav elength for a spec ific loss band when the 
o ptical fiber s e nsnr is exposed to at least one material; and 
AV-, jg a chance in a second c oupling wavelength for a specific loss band when the 
o ptical fiber sensor is exposed to at least one material. 
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Claim2. (original): A fiber-optic method according to claim 1, wherein the 
fiber is a polarization preserving fiber and wherein the plurality of evanescent field 
depths result from light launched through the polarization preserving fiber. 

S Claim3. (original): A fiber-optic method according to claim 2, wherein the changes in 
the material are spatially resolvable density changes. 

Claim 4. (original): A fiber-optic method according to claim 3, wherein the spatially 
resolvable density changes are selected from the group consisting of: conformational 
,0 changes; bound mass changes; thickness measurements; hydrogel swelling; polymer 

characterization; molecular reactions; polymerization reactions; molecular degradation; 
polymeric degradation; and thickness changes. 

Claim 5. (original): A fiber-optic method according to claim 1, wherein the plurality of 
1 5 evanescent field depths result from light launched through single-mode optical fiber 
having at least two long period gratings disposed therein wherein each long period 
grating couples into a different order cladding mode. 

Claim 6. (original): A fiber-optic method according to claim 5, comprising a first 
20 cladding mode that is a higher order cladding mode extending further out of the optical 
fiber than a second cladding mode and wherein a long period grating signature is 
produced by each long period grating. 

Claim 7. (original): A fiber-optic method according to claim 6, wherein the changes in 
25 the material are spatially resolvable density changes. 

Claim 8. (original): A fiber-optic method according to claim 7, wherein the spatially 
resolvable density changes are selected from the group consisting of: conformational 
changes; bound mass changes; thickness measurements; hydrogel swelling; polymer 
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characterization; molecular reactions; polymerization reactions; molecular degradation; 
polymeric degradation; and thickness changes. 

Claim 9. (original): A fiber-optic method according to claim 1, wherein the plurality of 
5 evanescent field depths result from light launched through single-mode optical fiber 

having a long period grating disposed therein and wherein the long period grating excites 
at least two cladding modes. 

Claim 10. (original): A fiber-optic method according to claim 9, comprising a first 
10 cladding mode that is a higher order cladding mode extending further out of the optical 
fiber than a second cladding mode and wherein a long period grating signature is 
produced by the long period grating. 

Claim 11. (original): A fiber-optic method according to claim 10, wherein the changes 
15 in the material are spatially resolvable density changes. 

Claim 12. (original): A fiber-optic method according to claim 1 1, wherein the spatially 
resolvable density changes are selected from the group consisting of: conformational 
changes; bound mass changes; thickness measurements; hydrogel swelling; polymer 
20 characterization; molecular reactions; polymerization reactions; molecular degradation; 

polymeric degradation; and thickness changes. 

Claim 13. (original): A fiber-optic method according to claim 1, wherein the plurality of 
evanescent field depths result from light launched through single-mode optical fiber 
2S having at least two long period gratings disposed therein wherein each long period 

grating couples light at a different wavelength. 

Claim 14. (original): A fiber-optic method according to claim 1 3, wherein the changes 
in the material are spatially resolvable density changes. 
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Claim 15, (original); A fiber-optic method according to claim 14, wherein the spatially 
resolvable density changes are selected from the group consisting of: conformational 
changes; bound mass changes; thickness measurements; hydrogel swelling; polymer 
characterization; molecular reactions; polymerization reactions; molecular degradation; 
polymeric degradation; and thickness changes. 

Claim 16. (original): A fiber-optic method according to claim 1, wherein the fiber-optic 
sensor comprises at least two optical fibers, each optical fiber having at least one long 
period grating disposed therein and each optical fiber having at least one reactive coating 
disposed thereon proximate to the at least one long period grating wherein each long 
period grating couples light at a specific wavelength. 

Claim 17. (original): A fiber-optic method according to claim 16, wherein a first 
cladding mode that is a higher order cladding mode extends further out of a first optical 
fiber than a second cladding mode extending from a second optical fiber and wherein a 
long period grating signature is produced by each long period grating. 

Claim 18. (original): A fiber-optic method according to claim 16, wherein the changes 
in the material are spatially resolvable density changes. 



Claim 1 9. (original): A fiber-optic method according to claim 1 8, wherein the spatially 
resolvable density changes are selected from the group consisting of: conformational 
changes; bound mass changes; thickness measurements; hydrogel swelling; polymer 
characterization; molecular reactions; polymerization reactions; molecular degradation; 
25 polymeric degradation; and thickness changes. 

Claim 20. (original): A fiber-optic method according to claim 1, wherein the material is 
selected from the group consisting of: a biological sample; a heterogenous mixture; and a 
homogenous chemical sample. 
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Claim 21. (original): A fiber-optic method according to claim 20> wherein the biological 
sample is selected from the group consisting of: whole blood; serum; a grain mixture; a 
slurry; milk; urine; saliva; and spinal fluid. 

5 Claim 22. (canceled) 

Claim 23. (currently amended): A fiber-optic method according to claim [[22]] 
wherein PI is selected from the group consisting of: conformational changes; bound 
mass changes; thickness measurements; hydrogel swelling; polymer characterization; 
1 0 molecular reactions; polymerization reactions; molecular degradation; polymeric 
degradation; and thickness changes. 

Claim 24. (currently amended): A fiber-optic method according to claim [[22]] X, 
wherein P2 is selected from the group consisting of: conformational changes; bound 
15 mass changes; thickness measurements; hydrogel swelling; polymer characterization; 

molecular reactions; polymerization reactions; molecular degradation; polymeric 
degradation; and thickness changes. 

Claim 25. (currently amended): A fiber-optic method for making simultaneous 
20 multiple parameter measurements, the method comprising the steps of: 

a) providing an optical fiber sensor comprising at least one optical fiber 
having at least one long period grating disposed therein; 

b) creating an excitation in the optical fiber sensor wherein a plurality of 
evanescent field sensing depths result, creating at least two long period grating 

25 signatures, wherein each long period grating signature is defined by the equation: 

X-(n g -nci) A 

wherein: 

X » coupling wavelength for a specific loss band 
A ra grating period 
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Claim 21, (original): A fiber-optic method according to claim 20, wherein the biological 
sample is selected from the group consisting of: whole blood; serum; a grain mixture; a 
slurry; milk; urine; saliva; and spinal fluid. 

5 Claim 22. (canceled) 

Claim 23. (currently amended): A fiber-optic method according to claim [[22]] J_> 
wherein PI is selected from the group consisting of: conformational changes; bound 
mass changes; thickness measurements; hydrogel swelling; polymer characterization; 
10 molecular reactions; polymerization reactions; molecular degradation; polymeric 
degradation; and thickness changes. 

Claim 24, (currently amended): A fiber-optic method according to claim [[22]] ±_, 
wherein P2 is selected from the group consisting of: conformational changes; bound 
15 . mass changes; thickness measurements; hydrogel swelling; polymer characterization; 
molecular reactions; polymerization reactions; molecular degradation; polymeric 
degradation; and thickness changes. 

Claim 25. (currently amended): A fiber-optic method for making simultaneous 
20 multiple parameter measurements, the method comprising the steps of: 

a) providing an optical fiber sensor comprising at least one optical fiber 
having at least one long period grating disposed therein; 

b) creating an excitation in the optical fiber sensor wherein a plurality of 
evanescent field sensing depths result, creating at least two long period grating 

25 signatures, wherein each long period grating signature is defined by the equation: 

X = (n g -n c i)A 

wherein: 

X - coupling wavelength for a specific loss band 
A = grating period 
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n, - effective index of the guided mode of the optical fiber 
no, = effective index of a cladding mode of the optical fiber; 

c) exposing the optical fiber sensor to at least one material; and 
5 d) identifying changes in the material as it is applied to a surface of the 

optical fiber sensor by measuring and comparing shifts in each long period grating 
signature; correlating the shifts to the changes in the material; and solving a senes of 
equations that compare changes in the coupling wavelength for a specific loss band 
W lw*in the seri ^ «»f w pintiona consist of at least two equation* expressed as: 
l0 [A]Api + [B]A k =AXi 

[C] Api+[D] A P2 = AX 2 
wherein? 

[Alisjj coefficient for a fi r* parameter that reflects the change in wavelength 
[ZX\ L per a chan p e to the first ^ rarogtgr [SPJj at a first sensing depth andjg 
15 expressed as : fffiTf- ; 

[SP«]i 

[R1 is a coefficient ft>r a second D imeter that reflects the change in wavelength 
[&h P^r a change in th - p^meter [SP ? 1 , at a first, sensing depth andj s 

20 expressed as: [SXli ; 

[g] k a coefficient far a third para m eter that reflects the change in wavelength 
\RX\ ? per a chance in the fir «t narameter fSPH? at a second sensing depth and is, 
25 expressed as: [8X1 2 ; 
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, , eas ffi ^ aB &, . fewfiu ■ «irm mr in 

tm^jaAsh^L Ju n n" mrnm^ BBh a a rmt ^tMUhi^ 

^pressed as: JQS&Ll » 
[5P 2 ] 2 

s 

a rJ u a first 8D^ «"V ™*n1vabl ff density chjBgg 
a p y a second scarif y ffigpjvablg density change; 

a; j - , ohjB se is - first couBUag gavejengflLfer a iBssjfic lass feaad when the 

Optical fiber sensor ig, p*posed to at lgagj one material; and, 
10 ai . «. „ rimn- in a «™ p««« wavelength for a, ipedfic. loss hand when the , 

opti cal fiber s^sor is expos ed to at le ast one material. . 

Claim 26. (original): A fiber-optic method according to claim 25, wherein the 
change in the material is a thickness measurement or a thickness change. 



IS 



20 



25 



Claim 27. (canceled) 

Claim 28. (original): A fiber-optic method for making simultaneous multiple 
parameter measurements, the method comprising the steps of: 

a) providing an optical fiber sensor comprising at least one polarization 
preserving fiber having at least one long period grating disposed therein and having at 
least one reactive coating disposed thereon proximate to the long period grating; 

b) creating an excitation in the optical fiber sensor by launching light through 
the polarization preserving fiber wherein a plurality of evanescent field sensing depths 
result, creating at least two long period grating signatures, wherein each long period 
grating signature is defined by the equation: 

a-= (n 8 -iu) A 

wherein: 

X = coupling wavelength for a specific loss band 
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A = grating period 

rig - effective index of the guided mode of the optical fiber 
nd = effective index of a cladding mode of the optical fiber; 
c) exposing the optical fiber sensor to at least one material; and 
5 d) identifying changes in the reactive coating as it reacts with the material by 

measuring and comparing shifts in each long period grating signature; correlating the 
shifts to the changes in the material; and solving a series of equations that compare 
changes in the coupling wavelength for a specific loss band; wherein the series of 
equations consist of at least two equations expressed as: 
10 [A] A pi + [B] A p2 = AXi 



[C] Api+[D] Ap2 =AX 2 



15 



wherein; 

[A] is a coefficient for a first parameter that reflects the change in wavelength 
[8X]i per a change in the first parameter [5Pi]i at a first sensing depth and is 
expressed as: [5X] i ; 



[SPi]i 



20 



[B] is a coefficient for a second parameter that reflects the change in wavelength 
[BX] i per a change in the second parameter [SP 2 ] i at a first sensing depth and is 
expressed as: [6X] i ; 



[SP 2 ]i 



25 



[C] is a coefficient for a third parameter that reflects the change in wavelength 
[SX] 2 per a change in the first parameter [8Pik at a second sensing depth and is 
expressed as: : _[5XJ2_ ; 



[SPi]a 
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[D] is a coefficient for a fourth parameter that reflects the change in wavelength 
[8X] 2 per a change in the second parameter [8P 2 ]2 at a second sensing depth and is 
expressed as: f8\] <> ; 

A pi is a first spacially resolvable density change; 
A P2 is a second spacially resolvable density change; 

AXi is a change in a first coupling wavelength for a specific loss band when the 
optical fiber sensor is exposed to at least one material; and 
AX 2 is a change in a second coupling wavelength for a specific loss band when the 
optical fiber sensor is exposed to at least one material. 

Claim 29. (original): An optical fiber sensor arrangement for making simultaneous 
multiple parameter measurements comprising: 
15 at least one optical fiber having at least one long period grating disposed therein 

and having at least one reactive coating disposed thereon proximate to the long period 
grating; 

a source means for launching light through the optical fiber wherein a plurality of 
evanescent field sensing depths result; 
20 a detector for detecting a coupling wavelength for a specific loss band, wherein 

the coupling wavelength is defined by the equation: 

X = (n g - rid) A 

wherein: 

X = coupling wavelength for a specific loss band 
25 A grating period 

n g = effective index of the guided mode of the optical fiber 

n c | = effective index of a cladding mode of the optical fiber; and 



5 



10 
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a means for solving a series of equations that compare changes in the coupling 
wavelength for a specific loss band. 

Claim 30. (original): An optical fiber sensor arrangement according to claim 29, 
5 wherein the optical fiber is a polarization preserving fiber, wherein a plurality of 

evanescent field depths result from light launched through the polarization preserving 
fiber. 

Claim 3 1 . (original): An optical fiber sensor arrangement according to claim 29, 
io wherein the optical fiber is a single-mode optical fiber having one long period grating 
disposed therein wherein the long period grating excites at least two cladding modes. 

Claim 32. (original): An optical fiber sensor arrangement according to claim 29, 
wherein the optical fiber is a single-mode optical fiber having at least two long period 
15 gratings disposed therein and wherein each long period grating couples into a different 

order cladding mode* 

Claim 33. (original): An optical fiber sensor arrangement according to claim 32, 
wherein a first long period grating couples light into a first cladding mode and wherein a 
20 second long period grating couples light into a higher order second cladding mode and 

wherein the light coupled into the higher order second cladding mode extends further out 
of the optical fiber than the light coupled into the first cladding mode. 

Claim 34. (original): An optical fiber sensor arrangement according to claim 29, 
25 wherein the optical fiber sensor comprises at least two optical fibers, each optical fiber 
having at least one long period grating disposed therein and each optical fiber having at 
least one reactive coating disposed thereon proximate to the long period grating, wherein 
each long period grating couples light at a specific wavelength and wherein a first long 
period grating couples light into a first cladding mode and wherein a second long period 
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grating couples light into a higher order second cladding mode and wherein the light 
coupled into the higher order second cladding mode extends further out of the optical 
fiber than the light coupled into the first cladding mode. 
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